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The Pro -ross in the Study of Semiconductor ~~ te:: ials (2)

Hmi . Ghen—chia

3. Other Semiconductor Materials

There are sore other ~reao from which semiconductor mato:’ials can

be ~-~und a r~ to which tho matorails can be applied. The~r are solid

s~lutions of ~r~up l1l—~T oo~ G ’oir-~ fl— 1J1 connounds ; hetero on o-us hi~ictior .

of che~’ica1 compounds; various ternary and hi’ her comrounc~s; ~~~ amorphous

semico ocluctor .

~~r hhn rules co~ oluded in cr :Tstal c~~~ i3t~’~?, an~1 accordinr~ to the

~en da:~c~ of poriod~.c table ch’~n~e, a ~a eat ~r’ount ~~~~
‘ semiconductor ~ernai~r

and ti~ her c npoun d~ can he made , such as A’R!~C~, A R ~C,”~~ Amon~ ~
-.‘ -eee

compounds , ZnSIP,, CtI( ;aAs, have arrested people ’r~ atY~nt!on bnca~ sc t~ c’~

s” ow ~~~~~~~~~~~~~~~ ~.ybi 0~ bear resemblance to those of ~rcun U1—’T compounds.

Or t.’~o otho r ~~~~ ~1, b~ combinin~ binary oonnounds ~r~ ic~’ ~ ‘vo become ~zell

~~~~~~ it ca:i croduce r:u~ero’~s se .co r c~~~’ roJ~~nar~ cc o~mds , su&’. as

(in—~J ’. - (u—v ~ ) , (11l— T)— ( ll 17 V0) ,  (ll1—V)— ( 1 111 V2 ) .  This h~nci of ~.rc rk

.ras very active in the nidclile l~ 5O ’ s’, hut , excent o~ s~~ c theoretical

explorat on , t~’e prosrect of T i ~ ca~i~ o is not clear. ‘o~e is no a terc~t to

na.ke any f~~~~~r discussion.

1. 7” ~~~~~~~ is a solid ~o1ution which has 1ei~c io’~e.d ~‘er ranidly in

:‘ece~~. ~‘oa~’s. As i i .F cated in Tab1~’ 5 , ~hic mnte”ial can be used to rake

~~~ di — t ~ icrla’- tube. Pecauso o’~ t.~-o use ‘~o’~ ~ndel Tirr1~y in co~”~uters ,

‘
~~~~~~ ‘-r~~1uot:o:~ of ~his 1i~ —emi .~.in~ article by s’~ne countr~ es is annually

more than 4 x l(f ~iccoc. 1—~~x is - ropared mainJ.~r by us~ n~ vapor

_ _  —S.. • . .m~~~~~~~~~~~~
• •

~~~~~~~~~~~~~~
_
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rhase onita~y method , such as usi-~~Ca/A%I1~/PH,/HCl/ I1~ ~r Ga/ASCI,(O2~VCI~)/A3~fl j

(or p11 )/H, ~nd GaAs as substrate. It is easy usin~ this method to re~u.late
k~ ods of

~he compone .~ts and thereby to have var~ous~ li ht 1en~th. It is c ood for

bulk production. After bein~ mixed ~~th 70 , the material cac produce 5~9~~

yellow light . There is also a lot of Ga~_xA2~ As. To prepare this material

is to use li~iid phase enitary method , ~he:~ y :~ O .3~ , it ca~ produee6,6()Og

red li-ht.

In recent years , quite few people .:ork on : uch solid solutions as

~~~~~~~~ lnA * P1...,, ln ,(;a 1_, As,P,— , mai:ily because these na~T.2rials can he used to 

otive electronic af”ioity photoelectric anode. Of such anode , the

pko~oelectricit y ic hichly sensitive, arid dark current is small. ~~ -.er the

component of this solid solution is rer~ulated , it can be used ~~ design

cnoct~al cbaractcri~ tics. ~~t t~ ere is still a nunbor o~ problems to be

solved, such as hou to use this  mate~ ial t~ m~~c pbotocI~ c~ric anode

ronntr ation pa~.torn ; how to make cur’-e focusinr~ plane which the photoclectric

anode is used to use; ho~r to ~et a 1ar~e scaTh material ‘“‘ several tens o~
~~~~Zh~~~tscuare am; and how ~o continu -’usly cover the Cs() layer wihtout havin~ to

break away ‘~rom vaci.n~m. So the anode of ~~~t is k i -~d ic still at the s~ a-e o”

bo~ n— studied and i~.s ~~±“r~’ ~~~elonment is n’$te nronio~ .

Of 7roup il—Vi compound s - J i c l  solution t’lat, w~~ic~ ~nc boon studies

t~ im~st is TeOd~H7l_x . It is verr use ”ul infrared ‘~rr ’bn na~.e ial , and it

can be used ~~ rr’.’:e eI~ en probe of ~— l4 ..:icron (atmosphere traaspare t

window) . ~ trront 1y the study mainly colrers crystal of 0.1% <i  < 0.40 
• In

addition , ~nSe1Te1._ .(0.6 ~~ x ~~ 0. 1), 7.n1Cd 1_, Te (x ~~ 0.4), Mg1cd1_.Tc(x ~ 0.4) h av

e2
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~~~~ s~ ud~ e l . They are also ma + ,~~’i~ 1s use’1 to make ¶n~ ra~ ad probes.

2. T’~e l’oundar~ where two di~ferent k’~nds o~ semicond ~ c1y~ro are hended

0 ether is called botero e~1eo us j uact. i’-~n . T~ the two se.ni000dne l “rs are
called . ’.., ~~/° . ‘ c C ’

both n type (or p ~~~~~ the boundary is ,~i ot.’~~~ t~re~-ece’~-~s j~~’ct4 an .

I~ the t~~es of electric conduôtion of two semiconduct-~rs are opposite to

each other , t~h ’~ boundary is called opposing type betcrocener~us junction .

Such ideas were advanced twenty years ago , and because o~ ~eir recent ~ainin

in practical application , they have cauoht great attention . A sinrle

hetero~ enoous , Tunction (~GaAs—P C~As P(~~ _ .A l ,As) laser can make ho density of

threshold curreat at room .erineratur e se’ e~’ol de ”rees lower han :ome~ eneous

~u: otion , nail double hetcro~ eneous j ’t”ct on (nGa ,_ , AI~A~~I ’Ca Ac—E’ ( ; I ~~.AI .A% )

ias~’rs at r’. or.~ ~empc~’a .m’e con inu usly inter fer each o 4 ’ er~ 7ow the scope

or s ’ .wiy on he ero~ eneous ~une~,ion h as ‘renf llv been ex~ and od .

The main -‘ -‘n-~~tion ~ab -’r w1- ic~ the hetero ’eneous j ’mctd on can “~rew

well is ~*e watc h o~’ e~”~’~ ~~ ln~tice. T’~b1e 6 ~~~~ t~~ dato o~ ~~ p cor~nonly

well k: ‘-‘a w~~a 1 s. When the cr’,-stai lattice of’ two sets f materials

doos no~ match , a noI~vh~ 1iodar ’~ pla~e will he ~‘ormed a~ -he hr~nnd ,nry , and

the prn ’~eT” .~f’ ~-r i t e”o e~ nc’us ,~unct.io n w 11 there 0orn become low. The cry~ta1

la~tice ceostant d~ ‘rere cc o~’ ~aAs and Ge is fl .5~ , and it is a hetero~ eneaus

~uoct on w~-~ ch has been s’iccess~’ullv studi ed. T 1’e cr- s~.a1 la’~t,~ ce constant .

dif’ference of ‘a~s and UAs is ‘~.]~4%, so be h o o ro~ eneous ,lnuc r.i .on of

( j 1~ .;~I .As—th A~ is also a successful one. r0r -- -~ .1d solution, by regulating

the components , it en crys ~al la tico cncst .a ‘t. unnatchodness ~7ie

min~mum. For instance, the cr~-stal lattice constant unmatched ness of GaAs— ”zaP
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is 3.6%, but in GaAs06?01, it can be remila ed into l.4~. This is the

raat -rial used in l~tht_emit .t~ n7 dI•°de. The hetero~ eneous junct ion materials

which are widely under study at the present time include: G3 A$~~J d A$ 1~~PJ, GaP-

(
~J I_ . ALA~, (;c—Si . ;j I’—Si , ‘/,uSc—ZnTc, Cj As 7.i&, ~~*) InSe), 1nAs~_,P.—I nAs (o1’InP), Ga4~~

ln .A~—(~~As , ~~~~~~~~~~~~ The contents of these stud~es are mainly the

semiconductor ftndarne n~ol phys~.cn1 phenonmena, whI ch can be c]-sslfied into

two asaoct.s: transport process and photoelec~ric nature. Of ~ransnert

process, it s~ udi en t~-e c aracterist~ cs of “o1t~ ampere under the “re-cure

of -ics!t ’ve nod reverse volta o, and d~ scelrers that the e~~
’ectric currents

are o~’ two nar ts :  o~ e is a~~ ect.ed by temce~ nod the ot.he~ is not. Of

the photoelectric nature, it ex--lores the nhotoc1cctr~ c nr”cess of iso~~r’~e

as well as o’-~ csin” tyn e hc~.er -cnoous hinction , and the ismact of’ boundary

T”ble 6 Dota of Crystal Lattice ~intch of ‘~nte’-i1s

Crystal -

Met,l •Ser~es Crvst..lattice lattice Melting Forbidden band
_____  

Constant~~~ onst.d~ “. noint (°c) width (eV)300°K
A~~~~~ 11 A .~~s .% A II A H

Ge .~A, 5 .t.5? S 5.t.54 0.5 937 
- 

12 45 0.61.4 L .43

I.aI’ S.4407 5.451 2 1413 14o5 1 ,120 2.26

Al l’ (h.l’ 5 451 5.451 <0.01 2550 1465 2.4 2.26

M SI. All ’ 6 .135 5.451 11 .5 1Q50 2550 1.65 2.4

Alsi. AlA . (.1 45 5.661 5 1Q31) 1740 1.65 2.16
A l l  

- 
AIM 5 .451 5.6b1 3 .5 2550 1740 2.4 2.16

AlA . (JaA . 5.6t.I 5 .654 0.14 *740 121$ 2.16 1.43
AlA . lisA . 5.66 1 6.057 t..7 1140 937 2.14 0.35

AI~ I. lsi~a .  6 . 1 4 5  6 .479 I.t 1050 530 1.65 0.17

Al l m l ’  5.451 6.057 10.5 2550 1070 2.4s 0,34
luSh 6.51, 6.479 6.095 6.1 340 712 0.17 0.73

6aAs 6.05$ 5.653 ~i.9 937 124$ 0.35 1.43

m l ’ Gal’ 5.869 5.451 7.3 *070 1465 1.34 2.26
I.iA . h.P 6.057 5.170 3.2 947 *070 0.36 1.34
InA s lu.Sb 6.057 6,479 6.5 9.17 530 0.35 0.17

luM , I..l~ 6.479 5.569 lb 3.40 1070 0.17 1.34
(,aI’ 5.653 5.45 1 3.6 123$ 1465 1.43 2.26

GaAs ZusSe 5.1.51 5.61.57 1. 5 *2 45 ISIS 1.43 - 2.6
6.5*, AISb 6.095 6.U5 0.65 712 1050 0.73 1.65
6.51, GaA s 6.095 5,1.54 7.5 7*2 1231 0.73 1.13

.51 Gal’ 6.095 5.151 11 .1 712 1465 0.73 2.26
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rl-’ne on the photoelectric effect.  ~ut because of thr lack of understanding

of boundary plane , the study In this resnect is till at ~he be-’inn~ni~ stag e ,

and the prasnect of arplicat~on is not clear .

Because of th e consideration of’ the techniques in into -rated circuit

‘nd op~~.cal intenration , recently there have been quite few studies on the

sub r’ct of e -cc”oun d epitn~~ on insuloted substrate. The ‘ e”e’ al rit .uat~ on

~s ~n.-1ic -.ter’ in Tawlcs ‘7

Table ‘7 The General Situation of’ Compound
Semiconcluc~ or ‘ et~r’r’-eneous T ht t n x v

- . . Cro wth r~’~ o ~ni_te”f .Para11e1 er~.nt ’~~’
~~~mri1?”1 Substv”te TecH ninue ( . ~~/ .  (t) -

(‘~ (“1 ~“I ir 
- _________

AI,05 - —s e deno s4t  — 1100 4.
•
700 

_____________

MgAI1O. c enica1 va~~r 
— 700 

- 

(100)1(110)

molecule bc ’m
— —540 . .— f ( I l l )

CiA, _____  

c. . . . . 
____  ____________ __________ _____ ________ -____________

a~~~-’~~tion 
—

____ - _______ _______ ____________

Th01 doc’~mposition 
— S

MgC.,O. liquid, phase 
— ~~. 

-

~~~~~~~~~~

A150, 
0T :  

8000 501) (111)/(0001)

c rc-iicnl “amerGap M 5A I.O, - n”5r’ denos~ -’. 5000 700 (111)/ (111)

V’u c l  epitaxy
Si L ’-ermal rlr”or’r .’ 5001) — —

CaN 

AI,O, h~~~~~1d eeomr .~ - 

— 925 

- 

(0001)1(0001)

Si decomnosition — — 
S ________

~~~ ?.n~j ~ a.L ~Ta~orlisA.. lisP A10, ‘ lh.’se denos ~ t 
—500 700—725 (III)/ (0001)

Ga,..,In,1A* AI.O, ~~~~~~~~ 1J3~~0r 
-

~ 
. .1001) —7o0-7~~ 

- 

(111)1(0001)

OaAs ,.5 P1 CVD(fr’pIY tr 4 ri- I
(z —0.1 — 0 .6) AI,O, t ivo Gc—A.I6 ,—-PIi ,) — 70(I’-~125
— 

(3aM ..,Sb, Al I
T D ( t r tp

~~
T ~rimii- 

725G’ — O. l  — 0.3)~ ~~~ 1tive G~r-A,H,-_Sh1I ,)~ 
— 

~~i .: .ii~~_~:~~ 



3. There are areas in the study of semiconductor materials, which

cau~ht Teat attention in t o  very bet -inning. They are the so—called

a netic semiccincluctor, superconductive semiconductor cud rare earth semi-

conductor. In ti e e:u’ly lfl5fl ~~~ someone thou -ht that ma-~’netic semiconductor

was non—existea b . ~~ii fr~~ the otudy of europium ~i1phide , it has been

fo und t ‘:, is ~in~ o f fenro~ a~~et,ic natepial clearly h’~s the characteristics

of’ semiconductor. The materials include : EuO, EuS , EuSe; MnP; VU1; GcTc—MnTe ;

CJCr aS5, ‘Ln( r ,S,~ In oi~e nate”inl, ~~e’e ex.~s two bas c nh’~sica1 fea
5 ures——

w.-w’ne 1 .ism and scaic.~nd1.ict . ’.on , it is ‘ a:he ’: i i- ” c~nt in theory as well as

ir . appUcation. Sa~ .e is ;he cane ~~ 51 ercn~ .-i u c±’~’~e so .ic ’~ductor, s’le h

.
~~~~ 

Sr TsO~, Gc1.3Tc (x > 0) .

Is ‘ o ~1r~~’ snecial son . c .’n d ucto t ’ at is anornbou~ semiconductor.

~~~~~ nphouc ce :lo :~duc~~~’ ma:.m’ials, ~~~ 
- r-e ~o far been ~~~~~~ are

of no~ wa .thr -n ’oums : suiphide ai~orph -us s~miconductor and oxide semiconductor.
those

Suiphide series are selected from anon~ elements . of Ge ,, Si, As, Te ,Se, 3nd

S, and b’ different  ra ’ io they arc made a~.o binar’~, ternary .an~ h i-~ -er

-‘oriir)oUflcis, such as As—S, As—Se nor ‘ es and As—To—~ e series. The oxide series

are n’ di foract ra~Y.o made f’~ron B203, °.aC , V00 or B0O , CaO , Cu ,C. The neJn

c:arae~ eris c o~ w’-o~~ hous ~~ .~ conduct.or is t.1’at the atom (~~ 1een~.e , Ion)

will rv-hr. no. more rr’niod ’c ac~ re’-i.tlcu’ arran -croent , and its ~‘c~~

~re t -nt ~~e ~~w’~ n” os r ” r ~~’ for ‘e~ a~~’~~ ~t are s~”n le; ~
1
~ p

c 4’ ~~‘r. “ - i c  a’-’~’u~ t ~~“‘u-~ f .’~ ~~t ~re~t; th e  th e—-” 1t-- o~’ -‘r~- 4 e 7~~s mad~

4 ~ ‘ s ron ’~~. ”— con ’ is low; d a14 lit y ~~ ~~diation resi~~~~cQ~~s

~~~~~~~~~~~ The areas iihich have ~o far been ex”lored for a’-”-~lieati r~n are

~ moriory device. Of a switch , the switchice~ t4 rne is short but the

1 
6



—~~~~~~~-~~~~~ — - - -~~~

duration of’ rela ’.a~.i- ~n is very lonr~. The ~trnctura1 rro~-Jem ( i~eat or

e:ecnic ~ur) is not clear, so ~he prospect of’ a~ nlicat ion is not promisinr~.

Applied to memory device , shl&~ as main read memor’~, th n nr’- ”--J ’~r~s of’

stnhilit’~, rel!ab lity and ~‘ei~eatahilitir ~nve not ~,ret been sati~:”-~c~.o ‘il’~
sc lv~ c1. Ot .1-e- ’n T . ih e  a ~~~~~~ ~ar:et., ?l lat ent  ima -~~ ’ and photocrystal

used holo m’-~n are all ua.~ar stUd~r . In ~~~~~~ ~‘.,r rca~:In-’ or.-ict. cal

a:plica~ion of’ a. onp oUs 50 1~ i~~L cLn ~’ ~r s~ :i . h1e , a lot o f’ wanT : ~o .b : C a-’ea

of Y : c ~ “r , uaenorie~~n anal’ sis cvi i tea~ nolo -’~ has to be done.

4. Technolo~~ in Preuanin~ of Sern!conduc~or yath~’ia1s

i c  t.ea n ’lo -‘~ u- ed ~‘ n nr enar !n~ semr . cr)n iuctor na~ e-’ials as bonn

o~
- . a c - o r ~ 

t’,
~r it is ~ue-H.u.es a’s~’.a -e n as a hind of s tm-~lo ;cchH.nue . In

.we~’er , tee .~ olo ’ is an in . on~ ant. area . the ~tn i’~ of somico—iduc or

r s ~~c’
’ a2.s.

1. Tnwad-c s , a thr~ o or a “~od 1 un inte~ro.t.ed cirea 4t  in a ‘~ac :or~’ is of~:en

cvi”  -
~ on pro~-’rams . o” orc:1uet~ cin to ‘i’ ~1nce T~” a ra ,O o~’ se’~ea’a1 n117. Ioa

a h . So ‘a nr-nhlce ~~4 )con e n i — s ” e ~ in “eat aumt4t ’  has

hec -~~ c an ~. ‘ivrt-vit ~ - ‘~~~ It .!. C h ides  so iraeth.” “le cr’.’stal m’owth ;

hr i -duction of o i lcan :~ ols; thick -leon ~~:‘ ‘~e eni—s ~ eo~~ in lan -c quant i ty ;

strict, control of canco tr a t ion v i i  r1~~ntr ihut ion of i.--uur~. ty ; a -d th e

-unr antee Of ho ooi— ~~- ec- cr”stal .~nr fect .~. on . It v ’ r~~~~~ ’çs~~ n unernus .~ch—

nob ieal studies in order f . .) s~ lve th -se nro h h.ris. So far it h05 hoen possible

to - a ’r~ n~~1. loa n 4 a e ci” st ,al (iso :fl.ame ci.’ conthol , eq -~al s~ “ndi ~~~, I I IJ

a1’ ~1 ’ ~~ ) a ” 9O~ sold as s ’
~.eoa 511n0 t 5. A unIfo~ o cuttin~ , - r ind ’n~ and

sebrc ’. T v i  suitable p~”n ’ ca l naracle er can 1 ”nOor -  save r .anpower and cost

-‘nd can also pra”o~ e q’ialitv and quantity . Of’ the epi—sh~et of’ lO~~ icron ,

•1



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  . - . , ,- .- ---- ~~~
.

the th ck:~css fluctuat ion can be controlled b’r f’~~, but ~~~~~~~ ti~e ~~~~~~~~

of 2—~ micr’
-’a , it is ntIl~. di”~’ieult, to ~~~tr~l t~ the 5a1 a de”ree. In

order t o coa~r.-’l ~hickness fluctuation, it must str~ c~ b’r control t~ e

f luctuat ion of -r ’~~ , H tei-mnra ’ - ye and the responsiveness to ~he cmn cen t r .’-t t i nn

of a ’ o~ ule (
~ e~ es SiCl~, Si ~) n ~ o Thr ~c~~ e r ‘~~ ur t r

a-n cr-ness , it. must contro l ~ -e rela~- -i.onc ”~n~ “et ’.ine n th e  s4
~~ta ~~~~ ~ir 4’bow and

in?ur~~” c - c c .‘±r-’ 5 1 --’n .

As e- er’-one knows t a t  the r~y~- C ~~~4- 
~on of ’ r~ri tarial w ’ll ceat l” af’f’ect

~.l e  Drcne-’~” of’ a:: art ‘ cLr i ~-iacie a~ th-’t r .a~~’”~~n l . In ‘Hhc - -ant , h oi.j ener ,

a ’ ent on was lir el” ~~vca a the ~tu h’ of’ naI-.e~’ial ne”~’Oc~ ]. on a d  overlooked

tlia .Thfoc~ s cOll 1e’J ‘k )~~T ei’h ter .1 ’-~ra~:nre oxida± inn and latent :Uff ~ision in

~
he technolo cal oracess , c an or ’ etc. That. is the so—called secondary

1 l~ act . au, the --c~ fnct cryc tab a~ ’.iebo ~echnobo
y in tha~ which combines

nat,onial to c i - :obo ~‘ar 1 ar~ c’.~ ~ec 1 5 1iobo~
_ , r . “~1’ cam :cr-  zos on o ’cncan~ rvi

soc-u 1-v’-- 1cfe ct . The ~.eo a lo af ~“in ~ ‘ n- and rolish~ n~ siThan sheets , “or 

. 1 1
, ~~~~~ ‘ a-~~~rq ’ “c lIet, 1-4 -

~~~ ~‘-‘rm ‘ th OT)i— l”ner 1T~th de f”r ~ te

f , 1-
~ “ :‘ nsr. “ri nr--~r- -l lu i’,in adan~.at~ -,’i method th ac-a ’~ 1 ]“~~t.~ cc c’’ nt ,nr ion

a cc h’~ ~oo m’~-’’ too li~~ l” 4 n ’~’ir ’ t’~. All th—oe ect in ~ au n r -  are ~ood “or

e:’ono~ i nc’ prone ’~~” ( r - . :c : as lnwe-’~ n’~ no~se~ and ql lal it y of art.~ eT . nr -~

2 . &s a c’” ’ l~. o” ‘hr ’  I eTh—rien ’ o~’ semic”od ’lctar article tcc h n clc~y ,

0011 i~. -ri “ra .1 1-- “eri ’i ’~~cn a ~~~ ~‘ r-” “a~’mcd on 4 .bn  substrate. Silcon

. i ~~~~ .uc r is a well kn awi~ exam’ ‘ c • T~ “ac ’ , a ‘-in layer as required 1w

fec a obo~~r can oe a c 0 - ’ - a l - - iUe .or , an insula cr or a metal , and this thin

bn ”e’ can ser”e as i, -duct ,r and s ~o’etThe as an inou lato ’  or bo~h . ~oocau5.,

of ~~a ~rpor :aoce of such a ‘his l’ye -’ in tec ,no~ o ’-~ cal ‘IrIcess , a technique

A 
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _



~~~~~~~~~~~~~~~~ 
. . , 

. . —..‘- -‘I

is tJ’er’e~’ona hare ’ to he o~’ nood rn- ie”t ,ah i ii -” , n -ort cr— ce nn i  I ‘ ‘
~~ ‘ri and

low cos ’ r- -~ ~ ‘a~ it c-ni be ‘~ ned to c’rociucn th in  lnT ,~e1- :r: t:~ de~~ nit e  che mical

as well an ‘~~yr
• cab char-’ c ’ sf co. The c’ -“'r c-’l ‘. r~~ 1on n~.a se dc~~~~it me t1’od

(cVD) is the t . -chai’a1.’~e which ‘~~~ developed rapidl’r and r— ’co ”ced -neat

a”t.cnt~ -~a. The s~ tua t ian  a” ‘i t,s a.nn) . ’c.-~t ion t’~ nen i c~ . . .hicLar can he seen in

Table ‘. The Ohd’~~~ cal - a i m  na-’nc deposit -‘a t. act ~5 “.0 lis a a- -r r-o~ ”a ” n i

or n ’ Xt no ac t~i:1, oii a “ ent .”d. surf-’.co ~~ ~~~~~~ t a  tH u l” -e -’ as rcau ’ r’-2 .

o ~~~ ~~~ is o ’ -nlcn ’ ~~~~~~~ 
- ‘ac lnLLri ~~~

- ‘-  - ‘  oat ’ — ‘a ‘~~ ~ -t ,~ a ’ :i - ‘ , ‘-a-i ±t , t- ’kes

~ c’l5 t r r  -a ‘~ Savil t 105 f ’-  t l~ Tl 1~~ a - , 1-.C c-’--i illi ‘cn ici ”od . As b nc1~cthor1 in

Ta m ile ~ Appl’. catian 0” C1--xn T .enl ‘Ja~-,or P’ins e
De11or~ t t o S-”~ic - -ndu c ’o ’  Tc&:uobo ”y

K nd of ~il’-- Fc ’o~~1’ct 10d 
____ - 

Aonlication

1200’c
Sil I. + Ii , -~~ S~ ~ 1HI F-~~n.~e crystal tube

Si sini-le siII ,ri , + II, — Si + Hel ~ iuble—ele~trode ~nt~ —
cr”stal , tl O OeC ~ra ”.ed eTh ani.’

Si ll . — w ~ -
~- Il ,

__________ ________— _______ ____ _________

~ Si po~~— . 7~~~~9~Q~
: Silcon ~rid of ~OS

C1h 5 ’ ~J~ ~~~_ __ . __ ~~~! ~~~~~~~~~~~~ H t c~’ra~ ed c c- 1t
‘U’ co1~~~

’
~tte  lino imr-” oethoa “ilni.

Sill, + 0, — ~~ SiI ), + H, sur f’ace protce t*-’n P il.~,m :l~~ _ la~ er
SiO, SIll.+C() ,+H ,~.!-L?~_ . S,(1I ,~,~( ’O +Il ,fl - 

composite l~ -~e ~~
- out -t t inr ~ “j im

~no—~mi~~ Ox ’ ct~ oc t . fil—- on ‘rosion rn -cr
_________________ __________________________________________ C’X d i  zed “i f l —  e—r - ’onTho  con”i~

“te r i -~ .-” ( ~~~~I14+VI1 , + , _ .~~~~ !~~~... qiri ,~~; ,O 
SurPace protect ion ~i L”

r~ 
QI’O—5 ~~~~~,~~~’2 Si l1.+Il H.4-O. --- --------——.-- ..S, o ,+~~,O,+II.o

‘a’ ccct ion  ilya
s~i1. + NIl , — ~.S i ,N, + II, NOS,D!-!D , bean lenci’l

S~Cl. + N i l , -  ‘
~L..sI ,M. + ~~ 

Cxid~tion difiusion col-ç ’rin”
-__________ ‘_ I 1’ m~~ sorlTa°r_i n- T h or)

559—95O.~ S’r-:”'aco nrc -ecttan “~~r’ a”
Ai.o . A tCi s+COa+ }1 i

41;0~~~ 1,,~*
. A I ins +I Ic i + c ( )  MO$ i nte~~~e~~~-~ et1~cu it

AI(oc.H,), - --——-—--- ‘.Al ,n ,+c , ,~i4+ , i ,t ’ i Isolating . - lm c ” lth—Thc-”r
—— 

600 .-.5t)lJ~ ’ 
-- ‘) ect line

- 
Ts(0C, H ,),+O ,.- — 

— 

~~~ l a ,(1~4-C 1 H , j . l l ,t I
O~ “~~~~~~ - - 6r —Su0’r~ ~ur4’ace ‘Iva ~~~~ on “ibm

• 600—70fl~~ 
— — _________________

Mo MoCl, + II ,- . Ø• Mn + 11(11 ( MOS metal ‘rid , ‘-no.1 i~~lq” - ---1’
700’~’

~~~. + i-i, —a. w + il l’ I Sd~ u P ~!~d~j 110

9 

~~~~~~~~~~ -~~~~~~~~~~~~~~~ -“- . -_ ~~~~~~~~~~~~~~~ 



Tal bo “ , this • nat 1’n cl  !an .s been ‘toed th r” -iee no b”c-’--o ’ at . nit.cn :: ‘-.n~1 si n~ le

ca’-vi at. sit. cci a , ~‘o ,ti , p1-., Si~ ’
~1 , 

a” , SiP~ , A l a n . In i” f ,e  -r - ’ ted c~ m’cuit

toe o~ -n’s, n’:c’t as bur cc1 tourer , ( p—n ) iu~~~ 4 1 
~~ r’ lt ‘ ci , ~~~

eThcc ”th :lo , ‘-1’’ In” C 1 0 , t0 ,  ~ ‘-:1 ha~~ et .oc”ari e , “ c all a”m-- tm e c i

- - . - . ~~,‘ ‘+ , ‘ .~~~ ‘ “ ~~“, n 4 o~~~ 3~ T. ’ ~~~~‘ t.i i  d’Y’ ’un .an ‘~n ao ‘uco c ar ’ c-al ‘‘a- mr - base

cICC’OOL F o taoci f irs ‘. t,~ denos l~f t.h~’ ci un ‘~~~~
‘ a ‘ l l”rr  (ku ‘

-~~, 
Ph~0 ‘n,I T - )

~hcn to ~ii ‘~ i.oe h - u . As t c dep’s ’t
~~n tcua ’oa ’ , ’:” e 1 0 low , i~~~’:n easier + 0

C utr ol  ~no n~ :“.ace C ’  .‘- ‘~ r ’ ’.io- a d ‘r .hr . r o ,jo:.~~~c e h , a-ad t ’ e eveness

a-cit r ’  ‘c. im’,a-’ila ‘ ~r arc a ..L - - ‘m I , - ‘ - ‘  . T’ :c- ‘T :en 1 cat ‘ -a: “1’ ph- ’ se :lr,i’o ni ’ t

no - . ~~~~ can .cv.co be ‘ - .i.~ ‘ d to :an y o .1 - “ ‘ ~.r a-ao , so n-ccu ” ltr t h e stud” o~’

_. - i 5  ‘e :-:,oi :‘‘“ ‘~~0 is - “r” r”o ’

2 .‘hc II and ,v,iant H” of c,lnnor.ucii oon~co mIn e ’ or are far less

s’ Tnc f’-’ c ‘n” than t o 5  - of ’ aicoa r .~~ . ocr:ie - i u d .’ct  -r . The nl’ti:u - - o ’ sm ” ”o-’ ‘h is

“ u-~ i~ + a t th~n ’e s..i Li -ar -aaa” problems c::’ ~~
‘ l r - , . 

- ~‘ :r “ on miciue~ used 

‘c- ’an nil ’ r - - n ’ c~ ac ’~. o i - ibm . In Table 9, there is a list 0 0

o ne ot ron -  ‘--oi : f s  and o - ” r f . c ” r ’~ , -s o” “ n ‘-ot”‘’-Ju ‘t oad i” r~’1’-ni’n’ sera~—

conductor c-mt eri”be . Tho :— ‘a~ n .‘Y ‘ ‘ r-’e cc 1:a a’ri” :a o— ’- ’--ca’ad o~~~ onn’i ,1o ’nr

star r-a sonic ’ - ftto~ cir ‘)mn~ . tdio “o ’lam’ ‘l’s two or -:arc oonipone.nts, s’,

In addition to the de~ree of pur ib’- , ‘chore is a prob 1e~t of chemcial - l ioL r i—

r:u b’ ion  an t  pr- ’oort ’ .on , It s ’ill ‘aao d~ io:.tl t t~ ne~mire ‘ccar’athTh ~. ‘ -c

chr - -’~ca1 “-‘at-r ’-a n , ‘r- r ’~ r- t. t a ’  n ’  s’ni e •bc .’ st~~1ci~ Ii’ t i : ’  case o”
l r-: iroe::ij e , f’ c- r “x”o-’pJ.e , ,hi’ -’uha ,st.i.i,i~.r of Van us rm i”r cal c ’rci -ac’ or—

/ .1.
- n ’. .’ ~~ of ,*rsrnic, sane a 0 i~ s 4’e-a ~nes ~rn fannd . At iii :aoltin ’ not -1-.

(~~~1, ana Ct ar .~ uud-’r -‘--e’” aHs’c 1 at i o a  -‘a’r ’sslr-’o (~~~ lO ~~~~~~~ t-”e ou.r”~~, the

‘- n--”- .0 01 “c i ’~~ ’C5  CV”n ra -r ’- san - ‘i s. t” :l ai GoP “or oxo-r,lr’, l ,I a -‘Thrlc GaP ,

tha ‘racar-e” ac - can ’ ra .’ion of ‘--a or P “st~’-:a ’,o I aIm-va l~~~~c m .  “cx ’ is



—-- —-———-- --— ,-‘—— ‘————-—---‘.--‘——“.-- - ‘-.‘- . -—- -— -. — --‘- ~~‘~~~~~~~~~~ 1~~~~~~

he st ; nIn ’ nnohlem of the reaction ~~~~~~ ( inclu 3da~ con ta ’ ner a d material

aontain ”r )  and c.-mm aunds act 1 on , I-’ tb - : net’ :o:Js used “or rrenarin~ GaAs ,

‘- ‘-to re is a ser ’-’us Si sta i n h’-v’ nroi” er.-L , The sta 1.n is the  result of reactl-a m a ”

Ga (or -‘
~~) a r ’ainst o’aantz. In GaAs 1’mmo~ phas e r- it ax’r , someone ‘-r ’ es to

use Ga/~sCt 3/’T-’ sor .’. ”s and it ‘~s hc- ’aful to ao-’- ’ -i Si u-’. 1’~~ia . In short , oaTh

:105-n in”e -t . ’ve work cm hr~~~ a break ‘ ‘ - -au - -H in t ~~ 
‘-t old.

Table 9 The PrincThal Met hods o~’ Preparinc~ Coi- ’.rairc d Semiconductor

Methods Stron~’ Points 
_____ 

Simortcominn ’s _____

toe ’ ni uo eauiprnent is son 11 cr--sthl , cr--s t a , ’ z.at-’ o”
Grow ai..at of no a— cheaii— simple (low ~er’— ’—r a ”- t -~c ro ~~ low , 1 c m ”  er -coss- ’ “
cal -ocr-or ‘.io”ed solu— low r ’re—n ’re) ‘ood cry— time , b ’ . . arc i’lc i i ou
tion 

- 
ot,al porfeet .Thn

‘ ‘ e stain c:a t’-e ma te -’— Coraa1ic-~ 
‘ ed eo:linr.1’nt, ~‘nii1

tab co -.tatno.:’ is a’.’ - 4 d —  diar-ie ’er si “be cr ’s’~-il ,
Crucible—froe zo co mi-to dl”Oic--l  to use at. ~-~~‘b
melt iad f . artr- .e ’a a~~L~~e ( ~ l3~ ° C) a’

‘.t ridra’ ‘ .i”b mre ’-s’u-’r ( ~ 2

simple enUipment , n~ c a i u ~athr ’al container ,
Horizontal zone :celt inn nosoible ‘-o have l ’ar- ’e d’~””i c ::t ~ t ’- are at, “ i -dc
(or 0 n -act ’ rai l cr~’— si:i”le cr~r ot r a l  tan o”at ’-nr: ( >‘b3’°Ti C ’~ an ’
s ’alizatiori ) ~n-~drn.~ ~~~~~~~~ ‘r ~- ’-rr -n’o( ~ 2

atn .~’:’e. -our e~~, bon t proces-
sin” t- ’ rie , ’-a- ’d ‘- o ‘-“xe

_____ ___________ cr”st,a l nerf’c’c ’ ‘ on
oo”- st h l-~ “ a “ nra 1-”-- ‘-a c--r:nt. c,atad eouipna” t , st~ii’aTh -

Pulled s ’ ac~le c’.”oi-.nl sinr~le c”'n ’ al , “ia ’ na f cu’ial eon ta ’ ne” , noor
crt’ait’Jiz.af.~on rate , can cr’.’si-.al ne”f’oction
be - :se 1 at ‘d -

~~~ t,--’r— i -m or—
C” -- ~— r o ’’ under

- L ” — 1 i ‘V’ra’Oli:’C , r - ’0y f ,
ar -~ceos- 1n~ time
‘-‘onri c’c’r-i-al ‘-i--’-’~ ec~ ian 1 lou’’ ‘-‘r - -cess ’ n — t ’r’.e , t.ow
1i ~~: rcun’ita~ —-r’-”1iactirci , r ’-n’ b~’t r-’n’i!r’--ceotn

I”. tce”nd r”:e , -V ““ic’il~ ‘o
Liqu 1. dus epitixy --“ke ‘-“-‘cl ,~.ir t~ace ~r-d even

“i’rt. Some C ..,r , , , il f ld s  cann o .’
use this method

si -pie tec ’:eique , i. I”b 0’ “‘ic-:lt to control technique
Vapor phase eaitaxy pur’t”, hirdc pro bict~~ n c-- n - it ion , rr blems in  per—
(the . mal decomposition , °ection, hamogeneity and
disproportionating 

‘ roneatabiltt .y
reaction)

_ _  _  - _ _ _ _ _
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5. The Charact•eristic Parameter Test and
Analysis of Semiconductor Materials

The charact erist.’ c parameter test and analysis of seni ’~canductor

material Is an innortant aspect in t’ e study of s”niconductor rna ”cr ’als.

These parnme~ crs include data rolatini’ cr”stal s~,rn ’-~ no , caa-r ’one- ts , de rect ,

a d  rip ’s cat. as well as c onic-cl characteri st’cs of the mn.tna-’iai to arti cles

made of these materials.

As a result of the de~re lr-~pment o~’ the s”micanductcr ar ”-. 4 cie , the s.~nd’r

of the cb’~ract ,eristtc5 of the materials has chan -ed Tea )Llt .~. The “eneral

te :-den cv is 4Lh q + t’- e stud” of semiconductor s aterials has ch an ed Into the

s~uc1r o0 ‘ ht n  lanea’ and surface; the  study of’ even corm ’ane” s and electricity

para:-’ote’’ develops into ‘ ‘-‘e study of uneven cP str~bution of i’-pu~~ t.v and

“-inious p u’rs1caJ c -”’-c~erist .ics in the microrecrion ; a’:~ the study of element

seniccnd :c~nr de”olons into the study of compound semiccndu c’tor , w~ieh

includes chemical a- ’por .’ionrient problems. In order ~.o pr-~mo t.e accuracy and

~o save ra -’,n”owe:’ a- cl ‘ m e , +‘-e whole ‘ ield of’ +,es~,jr~ 1’as ch,anr~ed to use

eif’c~ .r c’ai C crv ’~r~u ’er , “an —us au bam’a t , u c instrum en ts ~~~ d i”t .  d’~sp 1ayeqiiio—

no ~ . T n ” narra ’e ’ er ~ s i “or - -ran--rn. use will not he discussed here excep +

0or ‘-a “ew po inas wh i ch ha’na been cons~ dored m mpor ta t..

1. The ar ’-~ cles used widely now are mostly made of’ epi mx i ai or other

thin layer materials, of w’-ich t,he thickness ra- ”es about iO—~-_ 1CI 2 m ’ cronu .

There are sina-le layer and multi—layer , and hetero”eneous and hoinopeneous

stru c~ -:res , but their quant i ty  is not lar-’-e. Tahin- ’- Si i’or example , one

square cm t - in in. er of 10 micron wei’ths only about 2.3 x 10—3 —ra ms. i~-

is ver” much d t f f ’ ero-:t to examine impurity and its distribution in a thin

la’.’er fro” examining semiconductor ma L erials . ~“or soivin r’ such prr~h 1ems,there

-- - . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ‘~~~~~~-- - — -. -~~~~~~~~~
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Table 10 So:-o T h i n  L’-t’r er ‘and Star~’aee !~~cror -’ ‘ ion ~~~~~~ “s~s ‘~ethcids

(i ’~ ________ _______________ _______________

Ion be-un 
—

I.” - boats or oIec~ ron he-un l~w caer~’- (n • 5_ 5 ()  ~j ~,’J _________

Product aft er acttnr on sc’-’t,t,pr 4 o-’ 4 on s ’~ ”-hir-ç ’ 4 oa r- ’--” on nr”’n—
~~~~~~ “rn— 4 r’n

~~ ‘- ‘~ a~’-”
ba a. ; o2  analysis  ~~~~~~~~ back sc — c - ten or Ion aroime rm ” ’ ’~~’-

low eaor ’ . r ( l_ “~am ion
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

2 KeV) 
_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _

~ hawi probe :li’une~er ~~~~~~~~~~~~~ (?_ ~ a )-- ’ c::’~ :: f ~~~~~~

ft’- n ’-~ ’s roco~ nitio:1 r-’ t~ ~~l/2~c’~~~ ~~ i”th-:’~ ‘

Dep 11~ n c “ - u t  ‘on rato 30~ 
ar -n t  -‘~~

(‘~ a ” ‘.o~ a1 denthj 
_______________ ~5—i O ‘ O~~~ ’~

Sn ’aalin ’- de: ah (I —2) ’atoin 1a~rer (l— ~~ at-m la~-—n (l_ ~~ m ’- . -’ :1~~ - - ~~,

Co rua ’iaamt ion of’ each sam--I ( i_ 4~ at .cm la”er ~~ka ’- aa la oi’ ~~~~~~~ la’ui r
_ _ _ _ _ _ _ _ _  _ _---—-.—

D s~~. - i -  ‘ t .  I ye or not, yes

An:J” s ’ nod ethotent z ~~al1 elena ~ - all e1ement.~

Te~ t ”  ]‘a + ) 1

Accuracy 
—— -

~~~~~~~~ t. ‘~~~ —

Sample necessary or ‘not nece~sary n~cosr.an’ 1 ‘uccesoar”
_ _ _ _ _ _ _  - --~~~~~--

Accelc-r’m ’, ’ - ::dceln:-ary
or not flat . Oat

Rem’’rks 
— —

_

h-ir e i”-’c’: s-”-e ‘ i f l r”lll —‘c’. ods developed. The na ,~or ones an’-’ own ~.“ T&’m I~

10.

Ion orobe ‘e- ’hni . c,ue Is to use ion source hamhar±a ’-’n t, conbininp wi th

rrialit,s-’ tester. It “‘i’st uses ion beam emitting samrle 0~’ 1—25 KeV and the

sa pie is splashed. ~‘ost of’ 1-he materials in the form of neutral atom or

A 
_ _  

13
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Table 10 Some Thin LTmI- md Surf-ace ~~ crare- ’l r’n Analysis Methods

(2) continued _____________________________________________
~‘1ectrQfl 1’~~am Ion beam

— ,w Key) 
~~~ — .3.. !-~eV)

seccnd.nry 
‘ 

X ma 
- 

scat-terin,~ ion X ray reactant
electron ‘ secondary ele— ~ ~~,Y )
_____________________________ ctron _________ _____________

A ’i~ er elec+- r on ’ e ’ ec t ron back scat ter— X ray pr ’duced nuc1em~~
spectrum “robe in” rrom ion ~me~~ react ’ on

T?. ” — i Cf l )m ’ cro n~~( .2—]T~icron ~~lnin . ~~ir’n . t~~lmm.

f~’— : c r ~~i~~~ 1- )’-:i~~’mn ~~L T
~r~m. ~ b/2mm . ~~l/2mn .

-
~~~~~~~~bes ’

l im i t - e d  ~~2’flA 
- limi ’-ed 

______

J t \ a ’ ~ ’,n I~~~ o~
. i~~~~—~ mj cron ( l— ~ )s- ’~cr’on~ l0’~~—3mi. cr--’-n ~~l— ’ ) ~~i cr—a

i.e ~~~ ind ’gezt i.an r-e~ i t ’ ..c ~~negli~ i h i e i O  ‘~~~~~~~~~~~~~ ‘ b p

_____ —. no io n hor ’ ’a~”h: na c. 
—

O:’

~

. not n oL no 1-- 
-

-

~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ mc~. v r f ~
___________ 

ic’ —‘t emet it  
______ 

-t , --‘Ic- -eat,
— a ~~~~~~~~~~~~~~~~~ ±~~T ’ ~~~~~~~~~ 1’~

’’

~~i 
.— —

— _ 1 1 — 1 
~J ~~

— 0 ) 1 u~ ” 1’’ ~~ ~_i~t ‘

m o m  L ’aai - ‘ .1~ ( ‘.l_ l) ’a ± , ,n a~ cn lane~’ -

‘— ~~~~- - -  
~ I -

00 ’ 
‘ 

(~:~~
‘
~

-
~ 

- f’ ’~~~
- in- - ~‘~J .ese - t, ~ nt  not

c-a’ ‘ac~ 0’

no~ ‘ua o- ’n “~~“ ‘:rcra”r’

t ,O ‘ i ~~ J ”--
i-ial”s.is -y c’r .—

_ _ _  -___ __- — ___

molecule are cut o c~ and a x’’~1l par t- in the “orms ~~~~~ posit’~ve a i ~ ne— ’ot.4 ve

ion ~s oplatherl out . To aoni ,ytv ’ ze t he50 secondary ion in a quali ty ‘est er ,

‘“ ore are two di”Coront met ’ -’ds: one i~ to scan ~he ion a ”t,ar “-ctmsl,na

(diameter can be 1—300 micron) on the samp le , an ’ the other ~s not. us~ n~

scannin ’ but the inn -e formation nothod. The speed of ~nJ,as ”ia”  is v”ry

slow (o .i_i~1/ sec.) a d  it cnn be an ’~1’.rs~ zed la’ror nftr a ’  ia”er . One of the

_  

~~~~~~~~~~~~~~~~~~ ~~~‘-‘.
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cha- ’actonist ies  Is that Ii-. c-c a ha- -c -an overall ann.]ornis heca--se t”e quality

t- ’s “n -as ‘-“i~”h sens±t ’ vith .

Aui-er electron spectrum techrainue Is to use electon bombardment sample

of 3—5 KeV to make spectrum a- ’alysis of the Aue~er electronenergy produced

by the bombardment . The diameter of electron hear is 25—100 micron (can be

10 nicr-n) , n ”d the d pth is 5—20~. Thus it can be used t.o make surface

impurity a alysis . This techni que h-a s been c~-”- ’rirnhenni ’~ely used. If’ it is

combined with ion (1 KeV ~~~ or Xe+ ) source hanhn.sdmen~ , i~-, can a-we an

Aw~er electro n s - -’ctru-n of’ ‘- .h~ lon’-’i tudinal in- ur~ tnc distribution.

Ion hack sca~’t -eninr techn i que is to use ion (such as nr~ tan , ,ye+) o~’

KeV or !~e , T ene r -~ r bumping with th e e1 stic~ ty 0” the s-ca”‘ace atoms (b locking

e”ect) t0 produce characteristic e”er—y spectrum which ind ’ ca es the mass

of ~he scat ’ erin~r center .T’a-’s the comnoone-ats -‘-f ’ the external at, - -~”s can

be known . Combining -.-z~ th sni.as i’ig ~-~mcb~mthue , it cart learn the — ondit ’ons

of ~ime lon--itu I lnal impur i ty. Thi .s tec~nI que is ao~ n”~ tahl” to li—h t

element but it can be -osed to stud irmpur!t’r and defect  ~osit.~ o—i of Ion

Implantation la’ er . In addition , ~a 1m e X raw pr”d .cerI by i±~ 
- 

ion hamhardnent

c—tn also be used ~o analys ’ ze -~ r ”ace comoone~’t s.

For perfoc~ ion analys is o” ‘~,in layer or s~’r~ a ce st r ’c t .~~ e , there “ a’~e. 
~~~~~~~~ a~~~z~~ 2~~-been such instr ~~ ts a~~~1ectro~~c microscope , low -and hi --h e er~y electron

dif”ract.ion and h i — h  pressure e ectron c -i ’ crosc’ope.P~fl these ‘natrume ts

c-in be used to— ct ; or. The scannin-~ electronic m~ eresoope cm— be ‘used to

a scanr iiing observation o~’ the mat e r i a l  s’irf cee , arid its -‘erie~’-cl •

reco--nition ab4l t’r is~~~ l0OA, ienth recor~nition ra k e can rrmach1and its

a~~ li~~ ing muilt~ r-’le is 20X — 2 l0°X. The hi~ h or’-’ssure electronic m 4 cr--’score

L 
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(l—3milli --’n volt) can ‘-c’ et .ra~~e 3— ” t~.nes do-” “r t.h-’n art or~~n-arv r~I ri ct .ronic

m!croscone, so i~ c-t i he used ,-i’ rectl ’r to ohsre ,e s-y-nles ‘-‘f only several

micron . As what is ohse~ ”ed i s  close to !-“ e nat -~ro of sematcond ’ ct - o ’  m-a er mTh ,

it can 1 ave t ’-e r- -ia ’ -as ~ip  be wean macroso-i rmi c pr ’nert ’r arid nic ‘~ se-’nic

struct’,arc’ . A low ~n~’~r a r  e~ ec tron d ” r-ict. on of 5—500 eV can be used to

a . alys i ze t. , o a n ’ c ot,r ;c’~::rr o c’ several ]. - ‘--e” s o f the s’ir”ace.

Acca r din ’ to t,ha “i’i;’e~ r-lc ’ of’ X raw ox~rriorocii ’ -arv ;‘enotra~~ -~n , and

u:’ t; e si— called a~ - e--,r ’incn p~ o ’.o Ta” h ~a- ’chni~ ue , the def’ecfs of’ a

if s- -’ra ’ a’ ac~uc ’ n- :a ea-ial c-in he discloser]. This i-uot ”--’d as been w bleiv

6 — o
used ow , but it- ~s not -and “or cond L -as of hi -h defect- d c ” r u n - t y  ~ I0 cm ‘-

,

and its exposure t. ’~rno is very lan- ’ (~~ ii hours). If’ there i~ a s”n c’,ro ’ rn ’u

aoceiena,tir X ray radiation , ‘he m.agnffude of s 4’- neo ’ th can be nrano i ed to

—~~~
. It takes 0011.’ a “ca-i second to “ -rho an -an -e ’araccc ni et, re. The nr-’c~ s~ on

ten t -of crystal 1-’c’t’~ o “er.stant is also a ‘ran” use f’-t l ‘auc i~ aicale . The er’ str t l

lattice oons~ a t t’ at so far ~~~ be ~es ’ ed by X ray interference techn ique
C’

is 1~~

2. Roe—. se of the deve lopment. o 4’ t h i n  “~ 1m material t,echau feues , the

test ni’ ~-‘ ai o 1ane ss of thin l-a-’n ’ is ‘a ‘er’r ~-port-rnt work. So Nr t. e~’e ~“aqe

been more t’an ~~‘ di ’ferent ~‘e tY ads. The th ’c’-n e55 of’ t,b~~rt lawer is relat.ed

~a pbysIc~l charn.cterist cs ~f the mat—r ~. nl . If the thiclmess is~~ i!1O~ ,

t.~,e thin film ca-a he considered discontinuous (island or hole’); i~’ t ’ -e

t”,ic brt-- ’~~ is ~~ l00~ but~~3’)’°fl~ , the electric par’-’n-’te”s,such as electric

conductivity -~r,. .-1 -tall coef”i ciency , ari~ l be related to )d’rt thickness; nd

if’ i’- is~~~ 3000~ , t ,h— nhys ’cal psrnmeters will be close to t a o  nature of

semiconductor ‘-‘ate’--~ al . So the h eat  of’ t’~my n i ca1 &ua”act ,eri sties s often
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citr , -ie d ~ut by ‘a scale 7

The metho d used s’ n’Yel’ ~o 
‘ ‘ -

~~a’~’5 ~~~~. ‘ “ ~~~~d r

“-ethod This me +, ’iod s r.ert-4 a~ t” “ ‘ v-- ~ ‘ri - -  r’, ~~~~ to -o ’ Si “'‘lie

of n -” -e  t h a n  ° micr’n . °‘1~ i~ C t i  orti” + ,~ 5# . ‘le  ~‘a”e’ a” t. ne ,’, ‘ res

tb-at the ros st ’.v~t” of suhst,r-a ’o ( - - “  ~s ~~~ 
- ‘ - - “

~~ a’ , ’! ~~~~~~~~

( ~~ 1 ohn .crn ) noi,st. be ~~ “- r-’u -.. T”-~ a’- - ‘-‘---‘s -‘r ’- ar” !1~~ an d

the thIcknes~ fluc tuat ion  is  ~ 1 m~cr -aa . --‘ u’ ar,l’ -i_ l-a --eu ’ s~r’ui-”-’r-- , It ‘~s”s

f ’ -“st an -Ic ’ lap stain an -~ then at, ‘or’- ’ner- r,t r~ ‘-~e ‘- de ‘-‘m ine t’ ‘- ~~~~~~ c1-rness ,

the test in~ r—r y - e Is about I ‘-‘icr—n . i’ - --” -”- “-‘-‘ -‘- ‘ in’, - —I-- e ~~~~~~~~ ‘—ott ~r,-~

‘-,ud c~r 1i,ndenial roll4 ’a me ’ — -]. The r ” 1I’~ a used “ r st a a] then t ’-e

sta’ - i r t rci s t a i n i n —  met od , a d ~bc t ,c ’sY ‘i~~ r u  i a i~ — I micraru. El1.int~c,

men s~~ c’a:ent mct”, —d . (infrared , “is ’hIc ’ fl -’bt ’) is nonden. t .rurt’ ve , ‘and it can

J be used to test the thickness of i . ,as : 1 —t i n -  layer, a -i f,~- testing ra ”e

is ala — ut 10~ . Generally speaking, thickness test must combine with  real

situat inn . For instance , i~ is bethe~’ to use ion isoahsorption ~‘eok value

-~o test the th ickness  of ~in ~
‘ li-u of n 101’

~ (cm)~~ GaAs , an]  the  tes ” i n ’-

raar ’e is ab-”it 10_i micron . In short , to ‘ cot thickness ~~1 micron is still

ani te .l~ ‘ficult .

3. ~‘or tes~~.i . n~ the electric c’a ”ac~ o”i r~-~~cs of semiconductor thin

layer , such as ren ’ nt ia ’ tl’, carrier concentr ’at ion and longitudInal distri—

bution , and transferability, many useful techniques have been developed

i~i rece t years . Some of’ them ar shown in Table 11.

TTs~ n- ’- probe to test resistivi 4-’r , the interstice between probes is

-~e~-ea’a1l1r lir -’-er t~ ’an 6cc micron . This technicue can he uSOr] to ‘-etero ’-’on’ ous

enitaxIal l’c- er and Isotype layer a ” which the ep i—lawer res ’st i’,’-’ t-’-’ is much lower

j  
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t a’ ahat of’ substra~e. The r~sist,’v~t’r exp ’an-” :-i~ method c-u n be used to

• both isotype and heterogeneous ep~taxial 1~u1,rors , and a i’~-er anole  lrt’arinr~,

It, c-un be used to test lon”itud inaj, .-] 4 stribution .~ 3jt this kind of method

a .Lwal,rs ‘ices nrobe ‘v’essure ‘rod sometimes the thin l’-c’ er is hro !-en by the

probe,

Table 1], Some of Eoitaxial Layer Resistiv~ty Testin Techniques

Testing meth od resistivity ranu’~ types of’ con-lue— a-’cur -acy 
-

~~~~~~~~

(carri er err3) f tion -

Schottky potential 
- 

13 16
barrier , ~~V 

- 

10 — la ‘ 
~/T’~ ± i0~

Diffus an junct ion , 1_ 1_ -i J_1 0 ’ —~~ l0~~~~~_~~~~or P/~~ _ i ’
&itaxi-al junction, - -i --’ + ~~~
____——___________ ____ ~/“ or P/P~~~~~~~~ —
‘
~
‘our r~o5 nt, orobe . ,,

___________ 
lfl12~ lO” ° or p/i~ 

± 2 . 
--

Spreaa :iinr~ resist-~nt ‘ 

a cc 
I 

+ -un-i
_____________ 

— 1G all —

~“CS elect ric cap.aci tI T 
-

____________________ — iü~-~’ all ±

The van -us (C— ’!’) n h-a-is - u~e (‘electHc capacit~- -~c--voltac?e ) relation—

s i p  as foundation to ox-au--m e carrier concentration and lonoitudinal

distribution. For GaAs , the secondary harmonic method has been used to

register carrier lon~ i~,u-J n - t,l distribution. Rut , because the exhawst -lon l~a arer

is l’~mi ted on ly  ~,iae vici.ni ~‘y of (p—n) ,]unctd on, t~~ s method is only suitable

when carrier concentrat ’ on is < l01”crn~~ , and it cannot be used “or poly—

1-aye” eu ltaxy.

“‘ ‘st
Tostiam trar isferalailit  of’ thin lawer usuall”,uses supplementing sheet

~o the hi — ’ res st ’ant substrate and then the  r -ener al t est- ’ig method . But

°‘-r ‘ s ‘ n ’  a ver’ t’”n la’,rer ‘ihich is ~ 1 micron , the problem is rather  

T’1TI~~~
’’

~~~ ,~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~~~~~~~~~~~



c— ~mnla ent er]. ~ie to the sur~’ace sca t,teninr ’- caused by the s’lr ”ace electric

• ch-’’ ’e layer , th e  tra- sferabili t’,r Is low. Of thin layer electric conduction

structure and var -us s’1r 1’-a ce e ”~ects , the theory has not “-et become clear ,

so th e  orohlem of ~~~~~~~~~~ method has no t been solved.

4. The fluorescence (p ’otoexc~tation or electron exc ’tation ) technicue

is  t u e  met ’  id w’:ich ~~ ~Th,t, Im0 arid widely used in recent years. T~irou~h

fluorescence peak -analysis, the data cnrteernIn ’-~ impurit’r , defect ener~ay level ,

surface h,ia-a e ‘enn ty , s r c ~ie U:nur ’t-- (de act) center or couar :und center.

This method is nondestruct~ v- ’, s i,u ’:nle -usc] c—in be used to ~
- 

~n layer n-ater i als.

rt  s now m-u ’ aI’ used 5 ~ t; ‘cc comnound semiconductor of’ illuminaxrt articles

-s G— As , chaP. Thrt ’:er ana ly si s , such as ncnra- 1iat i ’~n c” -’poUad ‘ac’t ofl ,

‘ ‘s not “e~, n -a ” ed ,

‘u c~ “-an ‘ :a”numad exc~t,at’—n t-u ’-’- ’c’~ r ’u.r (PTIS) unule-’ low ~er’-’ora~ure to

a]’ “4’e” ‘at  ~s u -f ’  “—‘mj’- ’
~~~~ ~~~~~~~~~~ ‘ r’i” ‘runc+ ’-”~rat~on n

—- at’-”4 la -“ a  i p,vcicpe~ ‘-er’~ ur”~ ~‘a “-‘rent, “o”s. The in st ,r~rn”a~ used in

d- :s  study is ‘ n ”-’ur-’ed ~4 c e l sofl in u ’f”r o~ o~ e” . It- ~‘rs “~n dn out the

i n fm ’ renn ce spectrum o” liu -h t  strength and the movement ~~~
‘ ref’1ectin~’

mirrow ~X • Then throu~h 
Wounier conversion , it has a Fourier cnn ’~ers&orj

s-’ectrum which is formed accordin g to the frequency distribution. The

enerey range is usually w ith in  (0— 15 1~eV) . Because th i s  met,’ od is to excite

the neutra l donor (or accep tor) to a state of exc ’ tation , the n usi ng the

phonon in the  or’rst.’al to cxc ” te the electro n (or vac ancy) on the excited

donor (or acceptor) onto the conduction hand (or valence band) and f inally

u.s~ iir ? photoconductor to have the si-’nal, t,he spectral line is therefore

narrow, the ri i- ~n-il noise Is loud (~~ 3t~
) aa~ t’~ r - ~ o’a~~t~ ofl rate a- la] t.’~’e

_ _ __ _ __ _ ____ _ __ _ ____ _ _  - 
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-~~

sensit~vi~ y are hi- ’-h. Under favorable a— - :  i t L  -ns , ~~~
‘ +- ‘ c— nc entra t i on  of low

e n ar ”  level i,uu-our it v  can he analyslzed to 10 cm 3.

To ‘- ~mnurit  n± ,r ibut ,i ’-n  in cr’-s’ ] la~ i ce is an impor tant and

si nif icant -uork . ‘~~ora the infrared absorption rs-enct ,ruru analy sis  o1’ a local

phonon , th-’ inrur ity  -i’ st r i ]— -. ’t~ on In GaAs ear l  be learned , such as s~ lcon

In ~‘rlliuin CSir’a (n°i~cm~~~)j or in ar sen~ c ~Si’rs (3 era •

(si~~~“ :~L l ’ si a , ~.he cont~~~ of’ i— ’r~ir tsr ca-u -also he es t i ru a t,r~d , i]’it, ~~~ a

c — r u only be anu’iied to ~eam ~ hlen-hj m rr ( l0lccra~~~) an-i ~~
- i ”-’-’unity of’ sma1~

“‘ass -a can “orn -
~ local phonon, u-ne ’ as Li , P ‘n Si -a -a ] Si ,C , Al , P , LI of

‘~aAs . Another aethoai is usin~ the rha ’anel e” ‘ect h-et- u reen ton (such as 4T~!e+)

— f 1 !-‘eV and s ‘lid -tet .ion to analys ze the d i st,nibu ’~i,~uu of’ imnur ity ato5s in

cr-’-’st ’tl latt~ ce • c - i s moth ‘a] is O:~~1I,T s~i 4 table ~— r the hea~~,r a . enen~ s ( such

as As , Sb in Si) of ‘ I h c- -a te-ct , (~~ 1O~~ cm~~ ) or ~~~e ~1uctuating atoms of

Si n ’—~~~li ’ cm 3. It is easy t ’ analysize the atoms of substituiru n -al

i” - r iu ’it’ , but th atoms of norsuhs titut ,~ ‘nol impurity is quite coinp lic”uted .

So “ l a i r  ~ at . e~] i s  ma ’ n lv ac~nl~ e~ t~ the diffusi ,nr’ and ion imniantation laTers.

Aft er th- ’ bomla”r u’ h--’nt by th e  ~‘art, ’ cle of “eV , the sa -r ie i t s— i f ’  is 

:sihl’- I u ’- i - ed ha’- the  radiation.

5. The -analysis of’ characteristics of’ semiconductor materials is a

n~ t,~ rn l do’-el--~--’suent ~f’ some deeper studies . ~~‘om such stud~ es , it- can f’ind

out how to use these natenial,s ‘rn how to imorove the mass of’ the materiols.

So t h ,n semiccnduc ’co r m a t e r i a l  phys es “ -is hec~ r e  an imnortant -an ” broad

f’iild of studs. The foilowi n -- I s  s —me ol’ the -i~r-’etd-ns,urhich s—me of

current studies have concentrated on.
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The study of e e r ~y band structure is a f’undamen tal subject in

semi conducto” nhys ’ cs. The development as well as t”o application achievad

in ~ “ ~s atu ty is remarkable. In add ition to th e  elements of Group IV , the

c -ruc- oa n ds of ~roup ill—V a :d  Group ll—V1 and the solid selut ens among them

h~ivp oil b”e~n st-ud e,d . The study of’ Te ener p-’r band structure u r ’ i c h  is

much -‘ o r -  co~n1i,crt,ed h-as also u-a-Se considerable acl-iievemeht . In laboratory

tech-’iques , it  ‘—s de”r-Ha~ed ~he technique of how to modulate snectrum, and

o er~~r ran ’e has become much hii ’he” , such -is ultrav’i 0 l t  elect-ron soectrum

(ups) .

The study of’ m at e in i - d  r ’rnsoor t inhr process crun co ’:tr . tes on problems

of st~~on e lectr i c f ’0 1 , ho~ electron movement and ne~et iv~ resistance of’

bru I’.’- e ”fect . There are also m-an~,r prn ,’ ects of s~ud Inc sound—electric eff’ect .

In recent ye-a ’na , the s~ u-]y of electran— ’acuancy combined illuminat io~

In ~:‘ou-ry as well o.s in app lication ‘ --as rr,,ade marvelous adva cr —m eri t , such

os Ga?, which h~~i ind ’ rect han d , ca ’ eu- t, ii-t:t- thrnu- ’Th ex a i t o r u  that is boUnd

- :: - - .ir ”ty . The work on h r - l o r e  eneous Thuct~’i-~n huus increased ~~ea t . ly and

a e c ier c I some m ’n i i c a ’ Hns already. Accommany in c  the development, of laser

~ec :ai q ’es , the study of semiconductor mat er ia ls  has entered into a new

area , such as laser s --r ep R—ima-u scuit, t e-si ,-j r .

9ecause the semiconductor articles have more and mu-ire c—n ip- : tra t,eri on

th e  v icinity  re ”’ ion o ” the ~~rNce, an d , in f’ac 4,, there in a~-e been many

s -“ ‘ace e4’Cec ” . art ,icles ,the st~idy of surface ‘- as once a -iu i ni reee -’ verR -rea~

at,t.-’nt ion recu— nt,lv, such -as the rniatlons’uim 0” Si snr ”aee eenc] ’~4 ,Ion wi th
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j~~ inner condition; s’ac - ’u-ace deposit matol of Si , ~‘r~ s ‘ r d  Ga?; semiconduaet- -’r

film; th-’ semic—ua—ia .ucto-’ saarf’a.eo p-it~ -’t i,-al barrier r-’-i on; the boundary

pl - ’c of SI S1O2; and Si09 l’r”er .

6 Co’arlus ’on

Those - as have mentioned above are the bread -u-cad imn—rtant  areas in

th-c study o” seml c—ruductor materials ‘r i . ’ also eonce tra~~e’] no ’n i t s  in  the

recent studies. The w— rk on s-’rc~ c”n’hict ,.or ucaat oa”, laa in Ch’ -a has c ome out o f’

no~ ’::i n~, a d  in the l95~~’s, u-re achieved —r e -a t ,ru~]ar~n-crr’e1 ~ In the 1 60 ’s,

we achieved ~~~ th er d, emoiou—mon ~~. ~~ou- ou~ ca~~~ i c- -r e , are ha~ c con, Id , - ’ Cr-

~-ha f.  Th t h e  vm’y a-’—r futur ’— , arca c-a-- cat ch ‘in uz ~ th ~-Svn’-e~~5 ‘ eroi in the Won ’’.
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